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(54) Title: DEVICE FOR DETERMINATION OF THE TOPOGRAPHY OF A SURFACE 





(57) Abstract 

The present invention relates to a device for determination of the topography of a surface by measuring its normal vector 
point by point, as well as devices for determination of the curvature of the surface in these points, and for determination of the 
orientation, position, shape and size of holes in the surface. The said devices are based on the use of opto-electronic sensors (1 ; 
1-2) for measurement of the spatial position of active light sources. The invention is furthermore based on an accessory tool (1 ; 4) 
consisting of a body (3a; 5), a minimum of two light sources (3a; 6-8) and three contact pins (3a; 10-12) or a plane contact sur- 
face. The contact pins or the contact surface positions the tool unambiguously onto a surface (I ; 3). By knowledge of the posi- 
tions of the light sources relative "to the contact pins or contact surface of the tool, the orientation of this surface can be deter- 
mined from the measured spatial coordinates of the light sources. 
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Device for determination of the topography of a surface. 

The present Invention relates to a device for d.etermlhatior 
of the topography of a surface by measuring the normal vectoi 
of the surface point by point, as well as devices foi 
determination of the surface curvature in the same points, 
and for determination of orientation, position, shape anc 
size of holes in the surface. 

The said devices are based on the use of opto-electronic 
sensors for measurement of spatial positions of active ligh1 
sources, e.g. as described by two of the Inventors (Pettersei 
and R0tvold) in Norwegian Patent Application ho. 881579. Ai 
accessory tool allowing for marking measurement points on i 
surface, as well as fpr determinsLtion of the position oj 
points hidden fi*om the sensors, is previously developed bj 
one of the iriventoris (Lindqviist ) , ref. Swedish Pateni 
Publication no. 456454. the present invention relates to i 
further development of this accessory tool, as this no^ 
allows for point by point determination of the normal vectoi 
of the surface and possibly its curvature at these points ^ 
as well as position, shape, size and orientation of holes ii 
the surface . 

There is in industry a strong need to map the topography oj 
surfaces. As an example this regards to automotive industry 
where there is a need for quality control of manufactured « 
curved surfaces, and for digitization of model surfaces 
during the design process. 

In relation to the use of Computer Aided Design systems th< 
normal vector of the surface Is very often used to th( 
describe its shape. This gives valuable information 13 
addition to coordinates of points on the surface. All knowi 
methods for surveying objects are based on measurements o: 
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coordinates of Individual points. There are no known methods 
tor direct, physical measurement of the normal vector point 
by point across a surface. 

5 The present measurement techniques are to a large extent 
hased on mechanical coordinate measurement machines, which 
only allow for determination of^ spatial coordinates of 
points on the surface. The normal vector has in such case to 
be derived from the coordinates of neighboring points. The 

10 same limitations are valid, for all known systems based on non 
contact measurements e.g. by the use of video cameras §Lnd 
laser scanning, or conventional photogrammetry based on 
making photographs of marked points on an object or a 
surface. 

15 " 

It lis an object of the present invention to supplement the 
coordinate values measured point by point by information on 
the surface normal vector and eventually its curvalture in the 
same point. A measurement point can be freely chosen anywhere 
20 on the surface, or it can be defined by the edge of the 
surface. Furthermore it is an objective to completely 
describe holes in the surface or the object, by determination 
of the position, diameter and orientation of the holes. 

25 The device is based on the use of moviable sensors. This 
allows for surveying large objects without needing to 
ti^ansport them to a measurement laboratory. The said 
accessory tools can as well be used to determine the relation 
. between the coordinate systems in question, i.e. the inner 

30. coordinate systems of the sensors, and the coordinate system 
of the object. Determination of these relations are based on 
photogrammetrical principles. 

According to the present invention this is obtained by a 
35 probe comprising a body,, a minimum of two light sources and 
three contact points or a plane contact surface, where the 
positions, of- said light sources are known relative to the 
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15 



20 



25 



30 



35 



contact points or the contact surface, in such a way that 
when measuring the spatial position (coordinates) of these 
light sources using said sensors, this gives the basis for 
calculating the coordinates of said coiitact points as well as 
the normal vector to the plane defined by the contact points 
or the contact surface. 

According to the present Invention probes are suggested that 
comprise two or three light sources. Furthermore various 
ways of designing the contact points or contact surface of 
the probe are suggested, and hence additionally to be able to 
determine the curvature of the surface, or the normal vector 
on the surface in points defined by the edge of the surface. 
Furthermore a special design of the probe is suggested to 
allow for determination of the position, orientation, shape 
and size of holes in the surface. 

Further characteristic features are given in the subsequent 
patent claims, as well as in the following description of 
examples being non-limitatlye to the invention, with 
references to the accompanying drawings. 

Figure 1 Illustrates a measurement scenario where two 

sensors and an accessory tool are used to 
determine the surface normal. 

Figure 2 a--b illustrate the basic construction of the 
accessory tool , based on a plane contact 
• surface. 

Figure 3 a-b illustrate an accessory tool based on three 
contact pins. 

Figure 4 a-b illustrate an accessory tool which in addition 
to the surface normal also give a direct measure 
of the curvature of the surface in the measure- 
ment point. 
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Figure 5 illustrates a tool which gives the surface 

normal In a point defined by a hole In the 
surface, in addition a measure of the position 
5 and diameter of the hole. 

Figure 6 illustrates a tool for determination of the 

direction, position and diameter of a hole. 

10 Figure 7 a-c illustrate tools for determination of the 

normal vector at the edge of a surface. 

The use of a measurement device according to the present 
invention comprises positioning of two sensors 1, 2 for 
determination of positions of light sources or light spots 
located on ia surface 3. The sensors may be of the kind 
described in Norwegian Patent Application 881579, or other 
light sensitive detectors. An accessory tool 4 is located in 
required position on the surface. The basic construction of 

20 the tool is shown in figures 2 a-b and 3 a-b. It consists of 
a body 5 with light sources 6-8 and a plane contact surface 9 
(fig. 2) or three contact pins 10-12 (fig. 3)/ A probe having 
three light sources can for example have a T-shaped body 
(fig, 2 a, 3 a-b), having one light source mounted in each 

25 end of the lateral bar and one at the foot of the vertical 
pole. The use of three light sources is and advantage, as 
this give an xmamblguous definition of the normal vector. 

The measurement principle is that the two (or more) sensors 
50 register the position of the individual light source. Based 
on the information on the position of the light sources on 
the tool, the position and orientation of the tool as a hole 
are calculated. As an example, photogrammetrlcal computation- 
al methojds can be used for these calculations principles. 

The minimum number of light sources is two, as shown in 
figure 2 b. This requires the two light sources 7-8 to be 
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mounlied oh line parallel to or coinciding with the normal 
vector. If the positions of the light sources are known 
relative to the point where the line through the two light 
sources Intersects the plane defined hy the contact surface 
or the three contact points, this give the basis for a 
calculation of the spatial coordinates of this point, In 
addition to the normal vector. 

Using three or more light sources 6-8, these are allowed to 
be arbitrarily mounted relative to the contact points ld--12 , 
given that the light sources are not located In a straight 
line. The position of the light sources have to be known 
relative to a local, tool fixed coordinate system. This local 
coprdihate system will be defined by the position and 
orientation of the contact pins 10-12 or the contact surface 
9. If the positions of the individual light sources are 
measured relative to a global or object fixed coordinate 
system, the position and orientation of the tool is cal- 
culated by a isimple coordinsite transformation. 

The body 5 of the accessory tool does not heed to be mounted 
normal to the contact surface. 9 or the surface defined by the 
three contact pins 10-12.. On the contrary, for many applica- 
tions it will be advantageous to mount the body at an angle 
making it easier to get access to partially hidden surfaces. 

By the use of the' accessory tool the normal vector of the 
plane defined by the contact surface 9 or the contact pins 
10-12 is determined. It is Important that the size and shape 
of the contact surface or the distance between the contact 
pins is adapted to the curvature of the surfaces to be 
measured. If the surface is strongly curved within dimensions 
of the same order of magnitude as the distance between the 
contact pins, the surface normal will be undefined, or at 
best an average surface normal is measured. 
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Figure 4 a-b illustrate tools which In addition to the 
surface normal also supply information on the surface 
curvature. In figure 4 a a fourth contact pin 13, which is 
free to move parallel to the normal to the surface defined by 
the pins 10-12, is mounted in a hole 15. A light source 14 is 
attached to the movable pin 13. The position of this light 
source 14, relative to the other light sources 6-8 gives the 
basis to calculate the curvature of the surface. The 
calculated, curvature will be an average for the area limited 
by the three contact pins. 

The same functionality would be achieved by having the pin 13 
mounted fixed to the body 5 of the tool , by mounting the 
three contact pins 10-12 such that they can be moved parallel 
to the surface normal as one unit, and that the light source 
14 is moved thereon. 

In figure 4 b two arms 25-26 are attached to the tool body 5 
by the use of rotary adapters 31-32. Light sources 27-28 are 
fixed to each of the arms. The surface is touched by the pins 
29-30. The spring-loaded couplings 31-32 ensure that the 
contact pins are forced down against the surface. The 
position of the light sources 27-28 relative to the other 
light sources 6-8 give a measure of the surface curvature. 

Figure 5 illustriates a variation of the tool of figure 4 a, 
developed to determine the surface normal in points given by 
a hole 17 in the surface 3. A conically shaped pin 16 is 
movable in the vertical direction within a hole 15. A light 
source 14 is attached to the pin. The position of this light 
source relative to the other light sources 6-8 shows how deep 
into the hole 17 the pin 16 penetrates. If the shape of the 
pin is known this is a basis to calculate the diameter of 
the hole in addition to the center of the hole. As explained 
above the same effect would be achieved by the use of a fixed 
pin 16, if the three pins 10-12 where mounted together 
along the vertical axis. 
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The tool for determination of hole diameter as described 
ahove Is restricted to circular holes In thin surfaces. 
Figure 6 illustrates a tool which can be used to determine 
the orientation, position, diameter and shape of the hole 17. 
The pin is in this case shaped like a cylinder 18. This 
cylinder is held adjacent the edge of the hole at a minimum 
of three different positions. A rom 19 Is mounted on the top 
of the cylinder 18 such that the depth within the hole 17 is 
well defined. 

The longitudinal axis of the cylinder 18 Intersects the plane 
defined by the rim 19 in a well defined point. The positions 
of the light sources 6-8 are known relative to this point. In 
the case of circular holes 17 drilled normally Into the 
surface 3, three measurement positions are sufficient to 
determine the position (center ) , orientation and diameter of 
the hole. The measurements give the spatial coordinates of 
three points on a circle having its center in the center of 
the hole, aiid having a diameter equal to the diameter of the 
hole minus the diameter of the cylinder. This is valid even 
if the orientation of the hole is not normal to the surface, 
such that the intersection between the hole and the surface 
is an ellipse. If, on the other hand, the hole has an 
ellipse shape, a minimum of four measurement points are 
needed. 

The suggested cyllndrically shaped accessory tool for hole 
determination can be replaced by a tool having another shape, 
e.g. having a well defined edge touching the side of the 
hole. The essential features are that the tool has a well 
defined contact surface or line such that the tool is 
naturally positioned parallel to the center axis of the hole, 
and that the contact surface or line Is known and well 
defined relative to the positions of the light sources. 
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There is often a special need for the surface normal at the 
edge of a surface 3, or along feature lines or cuts in the 
surface. In figure 7 a it is shown how the three contact pins 
20-22 can be designed to determine the surface normal in a 

5 well defined, distance from the edge of the surface. In 
figures 7 b-c the three contact pins are replaced by one 
contact surface 23. This surface is mouzited to the body 5 of 
the accessory tool by the use of a rotary coupling 24. This 
enables the use of the same tool, around the outer edge of 

,0 the complete surface, as the body and light sources of the 
tool alwaiys can be directed towards the sensors of the 
measurement system. 

An example of the need for a determination of the surface 
,5 normal at the edge of a surface, is in relation to the 
requirements in the automotive industry with respect to flush 
between the car , body parts. This implies that for instance 
the edges of the mounted hood and fenders should be in flush. 
The same is valid for example for the transition between the 
20 fender and the door. By the use of a tool as shown in figure 
7, measures both of the surface normals of the two surfaces 
are achieved, as well as their relative level through the 
coordinates of the respective contact points being known. 
Conventional coordinate metasurement machines have proved to 
25 be useless for this application, as the use of such instru- 
ments would require a large number of measurement points , and 
fitting to mathematical surfaces there-through. 

In the above a number of tools are suggested. All are built 
50 up from the same body 5 and light sources 6-8. A practical 
universal tool will be designed such that this part can be 
applied together with a number of differently shaped, 
replaceable contact surfaces and pins. 
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Patent claims: 
1. ■ . 

5 A device for determination of the topography of a surface by 
measuring the normal vector of the surface point by point, 
comprising a minimtim of two sensors which determine the 
spatial position of light spots, characterized in:. 

,P - a probe comprising a body (5), a minimtim of two light 
sources (6-8) and three contact points (10-12) or a plane 
contact surface (9), and where the position of said light 
sources are known relative to the contact points or the 
contact surface, such that by measuring the spatial posi- 

^5 tion (coordinates) of these light sources by the use of 

said sensors, there is made up a basts for a calculation 
of the coordinates for said contact points, as well as the 
normal vector of the plane defined by^the contact points 
or the contact surface. 

20 

2. 

A, device as claimed in claim 1, chairacterized in: 

25 " * ■ 

two light sources (7-8) being attached to the probe, both 
mounted such that a line through said two light sources 
is parallel to the normal vector of the plane described 
by said contact points (10-12) or plane contact surface 
30 (9). 

35 A device as claimed in claim 1, characterized in: 
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three light sources (10-12) being attached to the probe, 
mounted in arbitrary positions, however such that all 
three light sources are not located along a straight 
line, and that the positions of the light sources are 
5 known relative to said contact points (10-12) or plane 

contact siurface (9). 

.■•4. 

10 

A device as claimed In claim 1> characterized in: 

- a fourth contact point (13) being mounted to the probe in 
addition to the three contact points (10-12) and In the 
15 center of these » that this fourth contact point is 

movable in a direction normal to the plane described by 
said three fixed contact points, and' that a light source 
(14) is attached to this fourth contact point such that 
by determining the position of this light source relative 
. 20 - "the other light sources the curvature of the surface 

can be calculated* 



A device as claimed in claim 1, characterized in: 

- that the contact surface (23), or one or .two of the three 
contact points (20-22) is designed such that the probe 
can be located In a well defined position relative to the 
edge of the surface, to determine the surface normal in 
thereat . ' ' 
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6. 

A device as claimed in claim 1, characterized in: 
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thait a guiding means (16) is mounted in relation to the 
contact surface or the three contact points to enable 
centering in a hole. 

5 • 
7. 

A device as claimed in claim 6, characterized in: 

,Q - that the guiding means (16) is conlcally shaped with a 
light source (14) attached thereto, such that one by 
determining the position of this light source is able to 
calculate the hole diameter, in addition to the center 
position and orientation of the hole . 

15 ' 

8. 

A device as claimed in claim 1, characterized in: 

20 - 

that the contact surface of the probe is designed either 
as a. cylinder (18) haying a known diameter and a contact 
rim (19), or having one or more known contact efdges. (23) 
which enable positioning thereof in a hole parallel to the 

25 center axis of the hole and where these contact edges have 

known position and orientation relative to the light 
sources of the probe, such that by letting the contact 
surface touch the side of the hole at a minimum of three 
positions, and by a determining the positions of the 

50 light sources, the basis is being made up for a cal- 

culation of the position, diameter and orientation of the 
hole. 
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